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1 Electrodialvsis Apparatus 

2 

3 The present invention rdates to an electrodialysis apparatus for puri^ng wato* and also mbraces a 

4 method of dectrodialysis. 

5 

6 As mO be wdl known to those skilled in the art, electrodialysis comprises pasang a desalting stream of 

7 water to be purified between an anode and a cathode. Pmn-selective membranes are portioned 

8 betweoi the desaltuig stream and the electrodes, su(A that cations n%'atu^ 

9 through a cation selective membrane, vdulst anions nugrating towards the anode passthrou^xm anion 

10 petm-sdective membrane. As electrodialyids proceeds, the water to be purified is progres^ely 

11 dq)leted of ions. In some instances, an ion exdiange rean bed is placed in the desalting stream^ and 

12 this has the advantage of maintaimng the .dectrical conductivity of the water to be purified as 

13 ddonisation proceeds. Electrodialysis in whic^ an ion &cchange rean bed is used in the water to be 

14 purified is known as electrodeionisatioa 

15 

16 US-A-364S884 (CSDiland) discloses a five conq)artment dectroddonisation cdl compriang outer 

17 anode and cathode compartments and a central concentrating compartment A 

18 desalting compartment is positioned between each electrode compartment and the central 

19 concentrating compartment. The 

20 desalting compartment nearest the anode is separated Scorn the anode chamber and fi'om the central 

21 concentrating con^^artment by two, respective cation sdective membranes. Similarly, the desalting 

22 compartment nearest the cathode is separated from the cathode chamber and fix>m the concentrating 

2 3 compartment by two, respective anion selective membranes. 

24 

25 In opmtion, water to be purified is passed through the two desalting compartmaits in succession, and 

26 a voltage is ^plied across the anode and cathode, sudi that cations are caused to migrate fix)m the 

27 water to be purified in the desaWng compartmait nearest the anode into the central concentrating 

28 compartment, and anions are caused to migrate from the water to be purified in the desalting 

29 compartment nearest the cathode into the concentrating compartment. Each of 1he desalting 

30 compartments comprises a porous bed of ion exchange material. 

31 

32 According to US-A-364S884, the anode compartment is filled with a weakly addic solotian, whilst the 
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1 cathode department is fiSDed With a wealdyal^^ Tbus» m operatioii, faydronium ions fioin 

2 die anode compartment are caused or aHowed to paj« intQ the arfjacftnt d fteahmg cmnpartment to assist 
: 3 in driviqg out the cation inqnuities in the water to be purified. Analogously, hydronde ions inifae 

4 cathode conq)artment are caused or aDowed in use to pass into the juxtsqposed desaltiiig compartment 

5 to asast in driving out the anion impurities fiiom tiie desahing stream mto the central concentrating 

6 chamber. 
7 

8 US-A-364S884 (fisdoses that v/ben a 0.08SN sodium chloride sohition is deionised for a period of two 

9 hours by impressing a current of 12 amperes at 10 to 20 volts across the ion exchange beds, a final 

10 product ha^ang a sodium chloride concentration of 0.008SN is achieved, indicating a 90% rmoval of 

11 ions fiiomtiie water to be purified. The final product water has a conductivity of 1Q2S |iS/cm at 25''C. 

12 

13 . It is an object of the presoit invention to provide an improved electrodialysis apparatus. 

14 

15 In particular, it is an otgect of the present mvention to provide an dectrodialy^s apparatus which is 

16 capable of producing highly-purified water, that is water having a conductivity of less than 0.20 nS/an, 

17 i.e. a resistivity of at least SMfli-cm and, undo- suitable operating and feed conditions, of at least 

18 15MnKani.e. aconductwityoflessthan 0.067|iS/cmat25^C. 

19 

20 According to one aspect of the presort invention therefore there is provided an electrodialyas 

21 q)paratus for purifying water, which apparatus comprises means defining an anode chamber, means 

22 defining a cathode chamber, an anode means disposed within the anode chamber, a cathode means 

23 di^sed within said cathode chatnber, means defining a desalting stream flow path betw 

24 and said cathode means, means defining a concentrating stream flow path adjacent said desalting 

25 stream flow path, means for causing or allowing water to be purified to flow within the desalting 
2 6 stream flow path and means for causing or allowing a fluid adapted to reodve ionic impurities fi'om the 

27 water to be purified to flow within the concortrating stream flow path; wherdn said desahing stream 

28 flow path comprises a first portion juxtaposed the anode means and a second portion juxtaposed said 

29 cathode means, and said means defining the desalting stream flow path comprises two first partition 

30 means that sqwrate the first portion of the desalting stream flow path fit)m the anode diambcr and the 

31 concentrating stream flow path respectivdy, which first partition means are sdectivdy permeable to 

32 . cations and are spaced apart on an axis between said anode means and cathode means, and^two second 
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1 paitition means that separate the second portion of the desalting stream flow path from the cathode 

2 diamber and the coiK^entrating stream flow path respectivdy, wludi second partition means are 

3 sdectivdy permeable to aiuons and are spaced apart on said axis; diaracteiised in that each tsf ?aid 

4 anode and cathode diambeiscontaiiis a porous bed of ion exdiar^ 

5 

6 In sorne embodiments^ the cathode diamber may contain aiucm ^ Smd anode diamber 

7 may contain cation exdiange rem 

8 

9 In another aspect of the presoit invention there is provided a method of electrodialysis con^ri^g 

1 0 causing or aUowing water to be purified to flow in the desahirig stream flow path of an dectrodialyas 

11 q)paFatus in accordance with the present mvention, cau^ or allowing a fluid adaptedtOTecdveiodc 

1 2 inqnirities from said wat^ to be purified to flow v^thin the concentrating stream path and implying a 

13 voltage across the anode means and cathode means. 

14 

15 In some embodiments, substantially ]»ire water may be caused or aDowed to flowintfae anode and/or 

16 cathode chamber^, and preferably substantially pure wata* is used in both the anode diamber and the 

17 cathode diamb^. By "substantially pure water" is meant water having a reastivity of at least IMCl- 

18 cm, preferably at least ISMQ-oa 

19 

20 It has been found that the electrodialysis apparatus of the present invention can be used to produce 

21 high purity wat«*, that is wato* having a resistivity of at least 15M£l-cm. 

22 

23 Conveniently, the substantially pure wBter used within the anode and/or cathode chanAer may be 

24 water that has heea purified uang the apparatus of the invention. Typically, means may be provided 

25 for supplying water that has been purified in the desalting stream flow path to the anode and/or 

26 cathode chamber. It is also envisaged that in some cases, the water used in one or both of the 

27 dectrode chamber may be recycled through a secondary purifier, e.g. a second decUudialysis tjr 
2 a electroddonisation device. 

29 

30 Preferably the fluid supplied to the concentrating stream flow path is also substantially pure water, and 

31 in some embodiments means may be provided for siqpplying substantially pure water 'tiiat -has-been 

32 purified within the desahing stream flow path to the concentrating stream flow path. However, the 
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1 invention also embraces the use of wate- of lowo* quality inMhe oonoentrating stream flow path. 

2 

3 The dectrodialyas {^paratus of the present invention does not require the addition of add or aftafito 

4 the electrode chambm and rdies on water splitting at the dectrodes for the generation of hydromum 

5 and hydroxide ions for rq}Ienisliing the ion diange re^ within the electrode conq)artments and for 

6 asdstii^ in driving out the iomcinq>u]itiesfix>m the desah^ 

7 stream. 

8 

9 In some embodiments^ wato* that has beoi purified within the desattiiig stream may be caused or 

1 0 allowed to flow in parallel through the concentrating stream and at least one of the anode and cathode 

11 chambers. Ahernativdy, the substantiaDy pure water may be caused or aUowed t^ 

12 through at least one of the anode and cathode chambers and then through tiie concoitrating stream 

13 flow path. Prefenibly, the flmd within the concentrating stream is caused or aUowed to flow counts 

14 current to the flow of water to be purified in at least one of the first and second portions of the 

15 desalting streams flow paths. Preferably the water vnitm at least one of the anode and cadiode 

16 chamb^ is caused or allowed to flow count^-oinent to the flow of watar to be purified in at least 

17 one of said first and second portions. 

18 

19 Said concaitrating stream flow path may contain a porous bed of ion exchange material. 

20 

21 Usually the desalting stream flow path will contain a porous bed of ion exchange material. Said first 

22 portion may contain cation exchange resin, and said second portionmay contain anion exchange rem 
23 

24 The water to be purified may be passed through the first and second portions of the desalting stream 

2 5 flow path in any order, although pref^ably the water to be purified is passed through the first portion 

26 first, followed by the second portioa In this way, the wato" to be purified is addified in the first 

27 portion by the presence of hydromum ions generated by water splitting at the anode. The waterto be 

28 purified is thus slighfly addic wh«i it enters the second portion which contains hydroxide ions 

29 produced at the cathode. This arrangement, as will be ^predated by those skilled in the art, will assist 

30 in reducing the build-up of scale in the apparatus. 

31 

32 It is envisaged that in some embodiments the wato* to be purified may be passed in succession through 
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1 two or more dectroddonisation apparatus according to the present invoitioa 

2 

3 in anotha* aspect of the present invCTtion therefore there is prodded polydectrodtalysb ^qjparatus 

4 conqmsing two dectrodiafysis s^paratus in accordance with the present inventioa In some 

5 embodiments, one of the dectrodes of the polydectrodialysis apparatus in accordance with the 

6 . invention may be Glared by both electrodialysis lEqjparatus. The polydectrodialyas q)paratus may 

7 oonqmse a sm^e anode or cathode that is common to both dectrodiafysis ^aratus. 

8 

9 Whm the water to be purified passes through two dectrodialyas apparatus in accordance with the 

10 present inmttion, it is preferred that the wato* to be purified passes successive^ through the first and 

11 second portions of the first dectrocfialyas apparatus^ and then througih the second and^first portions in 

12 suoces^on of the second dectrodialysis sq>paratus;, so that the v/ster to be purified is given a final 

1 3 polish by passage through a cadon exdiange resin bed. 

14 

15 Following is a description by way of exanq)le only mth rderenoe to the accpnqnnxyii^ drawings of 

16 mbodiments of the present inv^on. 

17 

18 In the drawings: 



19 

20 Figure 1 is a flow diagram of a first dectrodialysis apparatus in accordance with the present 

21 invention; 

22 Figure 2 is a flow diagram of a second electrodialyas apparatus in accordance wth the present 

23 invention; 

24 Figure 3 is another flow diagram of a third dectrodialysis apparatus in accordance with the 
2 5 present invention; 

26 Figure 4 is a flow diagram of a first polydectrodialy^s apparatus in accordance with the 

27 present invoition; and 

28 Figure 5 is a flow diagram of a second polydectrodialy^s apparatus in accordance with the 
2 9 present inv^tioa 

30 



31 With reference to Figure 1, a first electrodialysis apparatus 10 in accordance wth the present invention 

32 comprises an anode 14 and a cathode 16 that is spaced fit>m the anode. Said anode^ whidi may be a 
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1 platimiin coated anode, is accommodated within an anode compartment 24 and ssnd cadiode 16 is 

2 accommodated within a cathode compaitment 26. Intermediate said anode and cathode compartments 

3 24, 26 the apparatus 10 con^rises three fiirther compartmoits^ namely a first desalting compartment 

4 36 adjacent the anode con^artment 24, a second desahirig compartment 46 adjacent the cathode 

5 con^artment 26 and a concentrating compartment 28 interposed between said frst xmd second 

6 desalting conq)artm^ 36, 46. 
7 

8 Said anode compartment 24 is partitioned fiom the first desalting coiiq)artment 36 by a first cation 

9 perm-sdective m^nbrane 32 and said first desalting conq)artment 36 is partitioned "fixnn 1he 

10 concentrating conq>artment 28 by a second cation perm-selective membrane 34. Similariy said 

11 cathode conq)artment 26 is partitioned fixim the second desalting compartment 46 by a first anion 

12 perm-sdective monbrane 42, and said second desalting compartmoit 46 is partitioned fix>in the 

13 concentrating compartment 28 by a second anion perm-sdective mmbrane 44. 

14 

15 The construction of dectrodialysis apparatus of this kind wiD be generally wdl known to those skilled 

16 in the art and has been desaibed int^ alia in num^ous prior pat^t spedficaticxis (see, e.g. C%-A- 

17 769307, EP-A-0078842, EP-A-0170895). It is envisaged that said apparatus will co n v eii i euUy 

18 comprise a stack of juxtaposed compartment-forming elements of predetermined thickness with stud 

19 ion sdective membranes 32, 34, 42, 44 interposing between neighbouring el^ents. Said electrodes 

20 14, 16 will be formed as thin plates or screens and each will be interposed between an dectrode 

21 compartment-forming element and an adjacent end plate. 

22 

23 Each compartment-forming dem^ may be manufactured fi'om a th^moplastic mat^ial and will be 

24 formed with a large, central opening that extends through the element and forms a compartm^ with 

25 the body ofthe dement defining the outer perimeter of the compartment. The elements may ftrthcr be 

26 drilled or moulded with one or more through-bores around the central opening. In the assembled 

27 stadc these bores will align with corresponding bores in the juxt^sed elements to form ports for 
2 8 convqdng fluids b^een compartments interiorly of the stadc. The ends of each compartment vaU be 

29 dosed in the assembled stack by the nd^ibouring monbranes. An end plate wiU be provided XKt each 

30 end of the stack, and the assembly will be hdd together by sudi means as a phirality of bolts that 

31 extend between the end plates, through aligning apertures formed in all of the dements. Conqjressible, 

32 fluid-tight seals will typically be interposed between each dement/plate and the ne^Jibourii^ 
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1 membianes^ wfaidi seals be compressed by drawing the end plates toge&er tigfady by means t)ftfae 

2 bolts. As ttus kind of construction wOl be generally fimiliar to those skilled in the art, no fiirther 

3 description of it is ffvm herda 

4 

5 In the dectrodialyas apparatus of tte present inmidon the thidoiess of eadi of 1fae desalting 

6 c(»npartments 36, 46 in the dectrode-dectnxie direction may be in the range S to 40mm, and the 

7 thidoiess of the electrode and concratrating cbmpartmoits 24, 26, 28 may be in the r^on of 2 to 

8 3Qmm. 

9 

10 The anode compartment 24 of the apparatus of Figure 1 contains a porous bed of cation exchange 

11 resin 25, and the cathode compartment 26 contains a porous bed of anion exdiange rean 27. As 

12 cation exdiange re^ may be used any suitable rean known to those ^ed in the art sudi as, for 

13 example, that wUdi is commercially available finom Dow liquid Separations under Ihe trade mark 

14 DOWEX MARATHON C. Said amon exdiange re^ may ^nularfy be any suitable resin known to 

15 those skilled in the art sudi, for example, a DOWEX MARATHON A. 

16 

17 Said first desalting conq>artment 36 also contains a porous bed of cation exchange rean 37 ml said 

16 second desalting compartment 46 contains a porous bed of anion exdiange resin 47. Said 

19 conc^itrating con:q)artmait 28 also contams a porous bed of ion exchange resin 29 whidi may be 

20 cation exchange resin, anion exchange resin or a nuxture of both of these. 

21 

22 Each of the compartmaits 24, 26, 28, 36, 46 is provided with an inlet and an outlet. In use the inlet to 

23 the first desalting compartm^ 36 is connected to a supply SO of water to be purified. 

25 Internal porting (not shown) may be induded to connect the outlet of the first desahii^ diamber 36to 

26 the inlet of the second desalting chamber 46, and the inlets/outlets of the desalting chambers 36, 46 

27 may be arranged sudi that the wator to be purified flows in the same direction through both desalting 

28 diambm as shown in Figure 1. 

29 

30 Substantially pure water, that is water having a purity of at least IMQ-cm is supplied to each of the 

31 dectrode chambers 24, 26 and may also be supplied to the concentrating diamber 28 to provide 

32 req)ectivdy dectrode diamber streams 52, 54 and a concntrating, flushing stream 56. 
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1 

2 In use, an operating vokage of 2 to lOOV is applied across the anode 14 and cathode 16 sufficient to 

3 obtain ^ter splitting at the electrodes. Cations in the water to be purified are taken up on the cation 

4 exdumge rean 37 in the first desahing duuhb^ 36, being rq)laoed in sohition by hydronium ions. 

5 Hydronium ions generated at the anode 14 pass via the first cation exdiange membrane 32 into the 

6 cation re^ bed under the influCTceofthe applied dectrical potential. As th^ pass througji the cation 

7 rean bed, the hydroiuum ions r^enerate the cation exchange resin by being exdianged for cations 

8 firom the wat^ to be purified SO. The hydronium ions and the impurity cations pass via the second 

9 cation exchange membrane 34 into the concentrating chaniber 28 fi^om vAach tiiey cannot proceed 

10 fiirther towards the cathode 16 owing to the presence of the second amon selective membrane 44. 

11 The cations are thus duted fiom the concentrating diamb^ 28 by the action of the high purity 

12 "flushing" stream 56 flowing througih the concentratingdiamb^ 28. 

13 

14 In a amilar manner, anions in the water to be purified are carried to the concentratu^g diamber 28 

15 und^ the influence of the cathode-generated hydroxide ions and the dectrical potential, via the anion 

16 exchange rean 47 in the second desalting diamba* 46 and the second anion sdective monbrane 44. 

17 The impurity anions are also duted by the flushing stream 56 within the conoentratii^ dasnixx 28. 

18 The product water 60 is delivered fi-om the outlet of the second desalting chamb^ 46. 

19 

20 Figure 2 shows a second electrodialyas apparatus in accordance with the invention vdiidi is suitable 

21 for use on a small scale. Many of the components of the apparatus of Figure 2 are common to the 

22 apparatus of Figure 1 and, for these, the identical reference numerals as used in Figure 1 are used. It 

23 wiB be seal that the electrodialyas apparatus of Figure 2 differs from that shown in Figure 1 ta that the 

24 first desalting chamber 36 is divided by means of intemal.partitions 52 into two sub-diambers 36a, 

25 36b. 

26 

27 The water to be purified 50 is supplied in succession to one of the sub-chambers 36a of the first 

2 8 desalting compartment 36, then to the second desalting compartment 46 and finally to the second sub- 

29 chamber 36b of the first desalting compartment 36. The water to be purified 50 is thus passed in 

30 succesaon through a cation exchange rean bed, an anion exchange resin bed and finally a cation 

31 exchange rean bed wWdi gives the water to be purified a final, polishmg treatment. As is also 

32 qiparoit fi-om Figure 2, a portion of the product water 60 is supplied in paralld to tha dectrode 
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1 chambers 24, 26 and to the concentrating dumber 28. Ahhough not shown in F^;are 2, internal 

2 poitmg is convenientty provided in the stadc to make the necessaiy connections between the various 
.3 diambers. Each ofthedesahing compartments 36a, 36b, 46 of the dectrodialydsappai^ 

4 2 has a tMdmess of 8mm in the dectrode-dectrode direction. The vnd&s of the dectrode 

. 5 ccwiyartments 24, 26 and the ooncentratiqg c ompai tment 28 are eadi about Smm. 
6 

7 Those skilled in the art will q>predate that the M^iest purity wato* of the fiusUng stream is thus 

8 allowed to flow through the anode dianiber 24 and oono^itratii^ diamber 28 juxtaposed the flow 

9 through the second sub<hand}er 36b of the first desahing compartment 36, so ^ 

1 0 water is flowing juxt£q)osed the water to be purified SO just before it exits the apparatus as product 60. 
11 

12 It has been found that when the dectFodiab^ apparatus ofFigure 2 is used to treat re^ 

13 6om a tank ha\nng an imtial conductivity of IS to 20^S-an, a final purity of 17MA-cm can i>e 

14 adiieved. 

15 

16 A timid dectrodidy^s apparatus in accordance with the pres^ invention!^ The 

17 construction of the third dectrodialyi^ apparatus is andar to that of the second decUodialysis 

18 apparatus iflustrated in Figure 2, and accordingly the same reference numerals will be used for like 

19 parts as before. The (fifiference between the second and third dectrodialysis apparatus resides in the 
2 0 flow path of the dectrode and concentration streams through the apparatus. 

21 

22 In the third electrodialyas apparatus iUustrated in Figure 3, a portion of the product stream 60 is 

23 returned through the apparatus and is directed to flow througjli the anode chamber 24, the cathode 

24 chamber 26 and the concentrating chambw 28 in succesaoa It will be seen fi-om Figure 3 thai the 

25 streams through the electrode chambCTS 24, 26 are directed to flow in the same direction as one 
2 6 another, with the stream through the concentrating diamber 28 flowing in the opposite direction. 

27 

28 Figure 4 shows a first polydectrodialysis apparatus 100 in accordance with the presort inventioa TMs 

29 ^aratus comprises two electrodialy^s q>paratus 10, 10* of the kind desoibed tdxifve withTrfcrencc 

30 to Figure 1. The conqxments of each dectrodialysis apparatus 10, 10* of the polydectrodialyas 

31 apparatus of Figure 4 that are the same as or sinular to the components of the dectrodialyas apparatus 

32 of Figure 1 are indicated by the same refaence numerals as used in Hgure 1 , with the prime tdngnsed 
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I to indicate conq)ona]ts of the second dectrodialysis apparatus Iff. 

2 

3 As can be sera from Figure 4, the water to be purified SO is suppfied firstly to the first desalting 

4 diamber 36 of the first dectrocUalyss apparatus 10 and then, tfarou^ internal porting (not shoAvn), to 

5 the second desalting cfaand)er 46 ofthe first dectn)(fialy^s apparatus 10. The outlet -50* of the second 

6 desatting diamber 46 of the first dectrodialyas apparatus 10 is connected to the second desalting 

7 diamber 46* of the second dectrodialysis apparatus 19, and internal porting (not shown) within the 

8 second dectrodiafysis apparatus Iff is provided to supply the feed from the second desalting chamber 

9 46* to the first desahing diamber 36*. The wator to be purified 50 is thus passed successivdy through a 
10 cation exdiange rean bed 36, a first amon exchange rean bed 46, a second amon exdiange rean bed 

II 46' and finally a second cation exchange rean bed 36* for pofishing. The product water 60 is deilivered 
12 fiom the outl^ of the first desahing diamber 36' of the second dectrodiaty^apparatus Iff. 

13 

14 Conversdy, the dectrode streams 52, 54, 52*, 54* and the concoitrating streams 56, 56* are supplied 

15 firsdy to the second dectrodialyds apparatus Iff and subsequent^ to the first apparatus 10. This 

16 asasts in reducing the back difiuaon of inq3urity ions fi^om the dectrode/concentrating streams into 

17 the desalfing stream. 

18 

19 As can be seoi &om Figure 4, the dectrode streams 52, 54 exiting the first dectrodialy^ ^aratus 10 

20 are combmed to provide an input stream 71 to a secondary purifier 70. Said secondary purifier 70 may 

21 be any sintable wat^ purifier known to those skilled in the art, ahhou^ a fiirtho* dectrodialyas 

22 iq>paratus or polyelectrodidy^s apparatus in acconlance with the present inv^oni^ Said 

23 secondary purifiCT 70 has an output stream 72 which is used to feed the dectrode streams 52*, 54* of 

24 the second dectrodialyas apparatus Iff. 

25 

26 In the apparatus shown in Figure 4, eadi of the desaWng chambers 36, 46, 36*, 46* has a tluckness in 

27 the electrode-electrode direction of about 15mm, and each of the electrode and concentrating 

28 chambers 24, 26, 28, 24*, 26*, 28* has a tUdmess of about 15mm 
29 

30 It has been found that when operadng the polydectrodialysis ^aratus as illustrated in Figure 4 for 

31 ova- 2000 hours at a flow rate of 1.0 l/min of wat«- of 12 to 15 jiS/an, water having a resistivity of 

32 16.9 to 17.2Mn-cm at 25°C is produced. 



wo 99/39810 PCT/US99/02552 

11 

1 

2 Aseoondpolydectrodia}y^sq)paiatusisilhist^ This second apparaM comprises two 

3 juxU^seddectrodialysis apparatus of the ki^ Hie 

4 second polydectrodialyas apparatus diffisrs fix>m that illustrated in Figure 4 in that the two 

5 dectrodialyas qiparatus constituting the po^ectiodialysis apparatus are foimed as a sngle stack of 

6 compaitm^-forming dements of the kind desonbed above. The dectiodialysis q)paratus are 

7 ananged in the stack back-to-back, so that the cathode diamber 126 of one of Ihe dedr o dialy as 

8 apparatus is di^sed juxtaposed the cathode diamb^ 226 of the other dectrodialyas apparatus. A 

9 central, water-impervious partition 200 partitions the two dectrodial^ apparatus one from the other. 

10 Water to be purified ISO is suppfied to the first desalting compartment 136 of one of the 

11 electrodialyas ^paratus, then to the secoiui desalting compartment 146 of the one appaialus . A&ed 

12 160 fixnn the second desahing conq>artment 146 of the one apparatus is supplied to the second 

13 desalting compartment 246 of the other dectrodialyas ^paratus, and subsequoitfy to the first 

14 desalting conq)artment 236 of the other electrodialyas apparatus. The wato* to be purified ISO thus 

15 passes successively througji a first cation exchaiigere^ bed 137, a first anion exdumgeTcsan bed 147, 

16 a second anion occhange redn bed 247 and a second cation exdiange resin bed 23 7 . 

17 

le Substandatty pure or pretreated water is suppfied as a concaitrating, flushing stream 2S6 to the 

19 concentrating compartment 22S of the other dectrodialysis apparatus and then to the cunceiitiatiiig 

20 compartment 128 of the one dectrodialyds apparatus, so that the concoitrating stream flows through 

21 the polydectrodialysis q)paratus in the oppoate direction fi'om the water to be purified ISO. A 

22 sq)arate dectrode rinsing stream 2S2 of high purity water is supplied to the anode compartment 224 of 

23 the odi^ electrodialysis apparatus, and then in paralld to the cathode compartments 126, 226 xf the 

24 one and other dectrodialysis apparatus. The cathode rinsing streams are th^ recombined and passed 

25 through the anode compartment 124 of the one electrodialysis eqjparatus. Thus, as with the 

26 conceitrating, flushing stream 256, the dectrode rinang stream is passed through the 

27 polydectrodialysis apparatus in the opposite direction to the water to be purified 150 ^e draaltiis 
2 8 stream). In this way, the back difiiision of impurity ions into the desalting stream is reduced. 

29 

30 Each of the dectrode, concoitrating and desaltiiig compartments of the polydectrodialysis apparatus 

31 ilhistrated in Figure 5 has a thickness in the anode to cathode direction of about 15mm. Wfaenlfae 

32 second polydectrodialysis apparatus is operated for over 3500 hours with feed wat^ of 10 to 



i 
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1 20}iS/an, having 25 to 35 ppm dissolved carbon dioxide, at a rate of 1.0 to 1.5 litresT5erTmnntc,1he 

2 reasdvityofthe product ivater 260 on exiting the stadc is found 
3 

4 As mth the electrodialy^ sq)paratus iOustrated in Hgures 2 and 3, the .po^dectrodialyas apparatus 

5 shown in Figures 4 or S may be modified so that the concentratipg flushing stream and/or'die.electrode. 

6 rinsing streanis are fed by a part of the product water \^ 

7 

8 In anotfa^ variation, the coitral partition 200 of the second polydectnxlialyas apparatus may be 

9 onutted, sudi that the apparatus indudes a single, central cathode diamber. Said ^n^ catttode 

10 diamber may iachide a sin^e cathode or anode whidi is shared by the said one and other 

1 1 dectrodialyas apparatus. 

12 

13 The present uivoition thus provides an inqiroved dectrodialy^s 2q[>parBtus in which water -to i>e 

14 purified is passed succesavdy through a cation exdiange rean bed and an anion exdiange resin bed 

15 betweai an anode and a cathode. The anode and cathode are separated fi-om the desalting stream by 

1 6 cation and amon p^m-sdective membnuies respectivdy, and the cathode and anode conq)artments are 

17 filled with ion exdiange re^ material. Eacfaofthedectrodecompartnientsissiq)|^edimtfa^'feedtif 

18 substantially pure water, and in use the dectrodialyas apparatus of the invention is found to give 

19 product water ofsurprisingly high purity. 
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1 CLAIMS 



" 2 

3 1. An dectrodialysis q)pa]iatus for purifying water, ^ 

4 anode cfaanto, means defiiung a calhodechan^ 

5 chamber, a cathode means disposed vn&in said cathode chamber, means defining a dtsahmg 

6 stream flow path between said anode and said cathode means, means defm^ 

7 stream flow path adjacem said desalting stream flow path, means for causmg or aUo^ 

8 to be purified to flow mtfain the desahing stream flow path and means for caua^ 

9 a fliud adapted to receive ionic inqnirities fix>m the water to be purified to flow^^tfaintfae 

10 concentrating stream flow path; wherein said desahing stream flow path conprises a first 

11 portion juxtaposed the anode means and a second portion juxtaposed said cathode means^ and 

12 smd means defiimig the desahing stream flow path comprises two first partition means that 

13 separate the first portion of the desalting stream flow path fix)m the anode cfaantottndihe 

14 concentrating stream flow path respectwdy, which first partition means are sdectivdy 

15 pemieable to cations and are spaced apart on an axis between said anode means and cathode 

16 meansi, and two second partition means that sq^arate the second portion of the desakirig 

17 stream flow path fifom the cathode diambo' and the concentrating stream -flow i)ath 

18 respectively, wfaidi second partition meaiis are sdectivelypenneable to anioris and are q>ac^ 

19 apart on said axis; cfaaract^ised in that eadi of said anode and catiiode diambm contains a 

20 porous bed of ion exdiange material. 

21 

22 2. An apparatus as claimed in Claim 1 wherdn the ion exchange mat^al in the cathode diambo* 

23 is an anion exchange resin. 

24 

25 3. An ^paratus as claimed in Claim 1 or Claim 2 wherdn the ion exchange materialin the -anode 

2 6 chamber is a cation exchange resin. 

27 

28 4. An apparatus as claimed in any one of the preceding claims wherdn the concentrating stream 

2 9 flow path contains a porous bed of ion exchaiige material. 

30 

31 5. An apparatus as claimed in any one of the preceding claims wherein the first portion contains 

32 cation exdiange resin, and the second portion contains anion exchange resia 
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1 

2 6. Anq^paratusasdaimedinai^oneofthepreced^ 

3 to flowllirougb at least one of the anode chamber and cathode diambo*. 

4 

5 .7. An q)paratus as daimed in Qaim 6 i^oein the wato* to flow througli at kast one of ibe 

6 anode duiniber and cathode chand)^ is water puiffi 

7 

8 8. An apparatus as claimed in Claim 7 wfaerdn the water to flow throu^ at least one of the 

9 anode chamber and cathode diambo* is taken directly fix>m the outl^ water ofifae desahmg 
10 stream. 

11 

12 9. An apparatus as daimed in any one of Clauns 6 to 8 wherein wato* is caused or allowed to 

13 flow suoces^ely throu^ the anode chamb^ and then the cathode diamb^. 

14 

15 10. An ^paratus as daimed in any one of Qaims 6 to 9 v^erein the water flow through at least 

16 one of the anode chamber and cathode chamber subsequently flows throu^ the conoeotiating 

17 streanL 

18 

19 11. An apparatus as daimed in Claim 10 wherein a portion of the purified water prq)ared by the 

20 apparatus flows sequentially through the anode chamber, the cathode diamber and the 

21 concentrating stream. 

22 

23 IZ An apparatus as daimed in any one of Claims 6 to 11 wherein water is caused or allowed to 

24 flow in parallel through the concentrating stream and at least one of the anode mi cathode 

25 diambers. 
26 

27 13. An apparatus as claimed in any one of the preceding daims wherdn the fluid within the 

28 concentrating stream is caused or allowed to flow counter-current to the flow of water to be 

29 purified in at least one of the first and second portions of the desalting streams flow paths. 
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1 14. An apparatus as claimed in anyone of the preceding claims v^ierdn the water within at least 

2 one of the anode and cathode chambers is caused or aOowed to flow counter-cuirent to the 

3 flow of water to be purified in at least one of said first and second portions. 

4 

.5 IS. An q)paratus as daimed in aiqr one of the preceding daims^Ai^^ 

6 passed throu^ the first portion first, foOowed .)^. the second pottioa 

7 

8 16. An 2q>paratus as daimed in Oaim IS v^erem the wato- to be purified flows m the same 

9 direction through both portions. 

10 

11 17. An q>paiatus as daimed in any one oftheprecedii^daims wherein 

12 divided to fi)rm two or more sub-diambo^ and in^erein the desalting stream path flows in 

13 succession through one of the sub-duuhbers of the first desahing conqyartment, then through 

14 the second desahing compartmat, and subsequently through a second sub-duimber of the 

15 first desalting cotnpBrtsiisxA. 
16 

17 18. An apparatus as daimed in any one of the preceding daims v^erein the purifi^ 

18 resistivity of at least IMQ-on. 

19 

20 19. An apparatus as daimed in Claim 18 wherein the purified water has a reastivity of at least 

21 ISMQ-on. 

22 

23 20. A method of dectrodialysis compiiang cauang or allowng water to be purified to flowinihe 

24 desalting stream flow path of an electrodialysis ^paratus as defined in any one of Claims 1 to 

25 19, and cau^ng or allowing a fluid adapted to recdve ionic impurities fi"om said water to be 
2 6 purified to flow within the concentrating stream path and .applyii^ a voltage across the anode 
27 means and cathode means. 

28 

29 21 . A polyelectrodialysis apparatus comprising two or more dectrodialysis apparatus as d^ed in 

30 any oneof Claims 1 to 19. 
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1 22. Apolydectn)dia]y8isappanttusasdaimed.mC^^ 

2 two electrodia]ysis apparatus passes successively through the first and second portions of the 

3 first dectrodialysis apparatus, and then successively through the second and first portions of 

4 the second dectrodialysis qyparatus. 
5 

6 23. A polydectrodialyas apparatus as claimed in Claim 21 or Qaini 22 who^ 

7 concentrating streams^ anode diambers and cathode dianibers are fed by a water purified by 

8 the apparatus. 
9 

10 24. A polydectrodiatyas {q>paratus as daimed in any one of Claims 21 to 23 induding a flow 

11 through the anode chambers and cathode diand)ers^\^erdn at least one of the anode di^^ 

12 flows, cathode dianiber flows and the concentrating stream flows flow firstly through) the 

13 second dectrodidysis^paratus and subsequently throu^ the first dectrodidysis 

14 

15 25. A polydectrodialy^s apparatus as claimed in any one of daims 21 to 24 wherdn the outflow 

16 fi-om at least one of the anode chambers, cathode chambers and concentrating streams are 

1 7 passed through a purifier fi^r reuse in the apparatus. 

18 

19 26. A polydectrodialy^s apparatus as claimed in any one of Claims 21 to 25 wherdn two or more 

20 of the dectrodialysis apparatus are juxtaposed to foim.a.singIe stack. 

21 

22 27. A polydectrodidyas apparatus as daimed in Qaim 26 wherein two or more of the dectrode 

23 diamb^ are duured by two adjacent dectrodialysis apparatus. 
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